The metabolic activity of adipose tissue has been the subject of intensive investigation during the last two decades.
Probably the best basis for expressing the metabolic activity of this tissue is in terms of its DNA content and a reliable method for measuring the DNA content of adipose tissue is therefore desirable.
However, the high lipid content of this tissue, roughly 80 per cent. of the wet mass,1 gives rise to handling difficulties owing to emulsion or micelle formation by lipoproteins.
Effective removal of these lipids is essential. A commonly used technique is that described by Schneider2.3 in which, after a preliminary extraction in cold aqueous acid, the tissue is extracted once with cold ethanol, and then several times with a hot diethyl ether -ethanol mixture.
This procedure is not only very laborious but has also been suspected of causing degradation of DNA.4o,s Whereas removal of the last traces of phospholipids is of importance when DNA is measured in terms of its organic phosphorus content,6 small amounts of phospholipid do not interfere with determinations of DNA in terms of its deoxyribose content. A less laborious technique has been developed that is based on this principle.
The colorimetric method used is that established by Webb and Levy,?with some minor but important modifications.
Experimen tal Rea~ents De-ionised, glass-distilled water was used in all experiments.
Diethyl ether -ethanol mixtures.
For the diethyl ether-rich mixture add 25 rol of redistilled ethanol to 75 ml of diethyl ether (reagent grade) and mix thoroughly.
For the ethanol-rich mixture, use 75 rol of ethanol and 25 ml of methyl ether.
Extraction mixtures containing trichwroacetic acid. For the diethyl ether -ethanol solutions of trichloroacetic acid. dissolve 10 g of trichloroacetic acid (analytical-reagent grade) in 100 ml of organic solvent mixture.
For the aqueous extraction mixture. dissolve 5 g of trichloroacetic acid in 100 ml of water.
p-NitroPhenylhydrazine colour reagent. Dissolve 20 mg of p-nitrophenylhydrazine (generalpurpose reagent grade) in 2 rol of ethanol with gentle warming.
n-Butyl acetate. Use general-purpose reagent grade.
DNA standard solutions.
Prepare a stock solution of DNA by adding 50 ml of a 5 per cent. mJV aqueous solution of trichloroacetic acid to 25 mg of salmon-sperm DNA (the purified form of the free acid) in a calibrated flask fitted with an air condenser.
Heat on a boiling water bath for 60 min (see Note).
Allow to cool to room temperature, add water to replace the small amount lost by evaporation, mix well and store at 4°C. Prepare, fresh . (A). To a known mass of fresh adipose tissue (50 to 300 mg) in a chilled Potter-Elvehjemll homogeniser tube, add 4 m1 of the cold diethyl ether -ethanol mixture (3 + I) containing 10 per cent. mJV of trichloroacetic acid. Homogenise for 2 min and transfer to a 15-ml capacity polypropylene centrifuge tube using a further 6 ml of the trichloroacetic acid solution to rinse the homogeniser plunger and tube.
Pool the first homogenate and the trichloroacetic acid rinsings, centrifuge for 10 min at 4000 g in chilled centrifuge buckets and discard the Use a glass rod to fragment and disperse the protein, then incubate at 90°C in a shaking water-bath for 20 min with frequent and thorough agitation by means of the glass stirring rod. Allow to cool, then centrifuge for 20 min and retain the maximum possible volume of supernatant.
Transfer exactly 2 ml of this supernatant in the case of adipose cells (or 1 ml of supernatant plus 1 ml of aqueous 5 per cent. m{V trichloroacetic acid in the case of fresh adipose tissue samples) or 2 ml of DNA standard solution or aqueous 5 per cent. mlV trichloroacetic acid as "blank," into a glass tube of 12-ml capacity, with a standard ground-glass neck and securing spring hooks. 
. Figuresin parenthesesindicatenumber of observations.
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Removal of Excess ofp-Nitrophenylhydrazine
Colour Rea~ent
After hydrazone formation with the deoxyribose is complete, any excess of p-nitrophenylhydrazine must be removed, or it will itself fonn a coloured complex on addition of alkali. In the original technique by Webb and Levy7 a single wash with n-butyl acetate is recommended, but we found this to be inadequate if consistently low blank values were to be obtained (an important factor if only sman amounts of DNA are present in the sample).
The absorbance of blanks treated with a single 7-ml wash of n-butyl acetate was 0-135 ::I::0.003 (mean ::I::standard error of the mean, number of readings = 8). whereas the value for the thrice-washed sample was 0-018 ::I::0.0004. In the preparation of standard curves for DNA, erratic and non-linear standard calibration lines were obtained when only one wash with n-butyl acetate was used. More prolonged shaking or an increase of the single-wash volume to 10 ml produced little improvement.
Development
of Colour by Alkali The absorbance of replicate samples of a standard DNA solution was measured 3 min after addition of alkali of various concentrations, and the rate-of fall in absorbance was also recorded.
Volumes of 200 ml of I, 2, 3, 4 or 8 N sodium hydroxide solution were added to replicate samples of a DNA solution.
There was an almost immediate development of maximal colour that was unrelated to the alkali concentration provided that the pH was 11 or higher.7 The fall in absorbance was almost linear during the period of examination (about 20 min after the addition of alkali) at approximately 1 per cent. min-I. The rate of colour loss was not related to the concentration of alkali present.
Reproducibility of the Complete Procedure Ten replicate samples of macerated rabbit perineal adipose tissue, each weighing approximately 300 mg, were found to have a DNA content of 94.2 ::I::2-3 p.g g-l of fresh tissue; the coefficient of variation was 5.4 per cent. and the standard error was 5-1 per cent.
In another experiment, a homogenate of rat epididymal adipose tissue provided three batches of sample weighing 100, 200 or 300 mg. The results shown in Fig. I indicate good reproducibility at all three levels of sample size. 
Recovery of DNA
In a final test of the method a "recovery" experiment was carried out on samples prepared from a large mass of adipose tissue.
The DNA concentration, measured for five samples of about 600 mg. was 362.2 p.g g-l.
Four other samples of mean wet mass 579 mg and calculated total DNA content 208-4 JLg were de-fatted, and to the protein pellets were added 317 p.g of purified salmon-spenn DNA. The total DNA content was then measured by continuing the analytical procedure from this stage.
The expected mean total DNA content of the sample and added DNA waS 525.4 p.g , and the mean total as found colorimetric ally was 520-7 p.g. The mean
"recovery" was thus 98,8 per cent. (standard error of the mean, 1.6 per cent.). This result indicates a negligible loss, and acceptable precision, from the protein-pellet stage of the analysis on wards.
Discussion
If DNA is detennined by measuring the organic phosphorus content of tissues it is necessary to remove thoroughly lipids that contain phosphorus, and this is accomplished by using the elaborate and time-consuming Schneider procedure. It is not necessary to remove lipids when DNA is determined in terms of its deoxyribose content.
Lipid extraction is, however, still necessary with adipose tissue for the different purpose of preventing the emulsion and micelle formation that occuc in homogenised adipose tissue.
The much simpler extraction described here seems adequate for lipid removal; no difficulty with emulsion formation was encountered after the extraction.
After the stage of colour development, any excess of p-nitrophenylhydrazine must be removed, as this will itself increase absorbance at 560 nm, in the presence of alkali. Webb and Levy recommended a single wash with n-butyl acetate, but however well done, this single wash gave blank values of about 0.135 absorbance unit and this was unacceptably high when absorbances of from 0.01 to 0.4 were recorded from DNA itself.
It was found that if the blank value were to be reduced to about 0'01, three successive washes with 7 ml of n-butyl acetate were required.
This added to the labour and time of the analysis, but is worthwhile because of the increased sensitivity achieved.
Although the n-butyl acetate wash was originally designed to remove excess of colour reagent and trichloroacetic acid was said to be necessary to effect quantitative extraction, it is of interest that Y oung13 reported the Use of n-butyl acetate as a solvent for the extraction of trichloroacetic acid. As one extraction with an equal volume of n-butyl acetate gives 80 per cent. removal of trichloroacetic acid, the amount of trichloroacetic acid in solution during our second and third washes with n-butyl acetate must assume negligible proportions.
A systematic investigation of the use of trichloroacetic acid saturated n-butyl acetate might, therefore, prove of value in reducing the number of washes.
It is of interest that in another modification of this technique14 excess of colour reagent is removed by reaction with acetyl acetone and the chromophore extracted into butanol. The colorimetric test used by Schneider for the determination of DNA in the final tissue extract was either the carbazole15 reaction or the diphenylamine reaction of Dische.12 The carbazole reaction is not specific for carbohydrates16 and the unmodified diphenylamine reaction is far less sensitive than the p-nitrophenylhydrazine reaction. Further, the protocol described has been used to measure DNA in 20-50 samples during the working day, whereas the modified diphenylamine reactions of Burton17 or Ganguli18 involve a 17-h incubation period. However, the recently published method of Abraham et al., 19 which is an improvement of the technique of Giles and Myer's modification2O of the diphenylamine reaction, would appear to be a very convenient method for the determination of low concentrations of standard DNA solutions although its validity for biological samples remains unproved.
